The genetic background strongly contributes to susceptibility and clinical outcome of inflammatory diseases. The genetics of many of these diseases is complex, involving multiple genes. In the case of rheumatoid arthritis (RA), a chronic inflammatory joint disease, estimates suggest that at least 10 different genetic regions may be linked to susceptibility. 1 Parametric linkage analysis suggests that the major histocompatibility complex (MHC) region may contribute up to 30% of overall inherited susceptibility in RA. 2 Good evidence exists that RA is associated with HLA-DRB1 alleles, in particular alleles that share a short amino acid sequence QKRAA, QRRAA or RRRAA at position 70-74 in the binding groove of the MHC molecule found in HLA-DR1 (HLA-DRB1*0101 and 0102), DR4 (HLA-DRB1*0401, 0404, 0405), DR6 (HLA-DRB1* 1402) and DR10 (HLA-DRB1*1001) specificities named shared epitope alleles. 3 Thus besides HLA, additional regions contribute to disease whereby differences in the constitution of these factors may relate to variability in clinical presentation with a spectrum ranging from mild to severe disease.
In this issue Hofmann et al 4 provide evidence for a role of the gene encoding the receptor for advanced glycation end products (RAGE), implicated in the amplification of immune responses, as good candidate for a genetic factor that contributes to RA. 4 Previous studies already suggested a pivotal role of RAGE activation in the pathogenesis of diabetic vascular disease and Alzheimer. 5, 6 RAGE is a multiligand member of the immunoglobulin superfamily of cell surface receptors that binds advanced glycation end products (AGE)-the products of nonenzymatic glycoxidation of protein/lipids-and amyloid-␤ peptide, a cleavage product of the ␤-amyloid precursor protein. [5] [6] [7] Subsequent studies revealed that RAGE was also implicated as a receptor of proinflammatory ligands, the so-called extracellular newly identified RAGE binding proteins (EN-RAGEs) and related members of the S100/calgranulins family, that accumulate at sites of chronic inflammation. 8 Signaling studies revealed that Ras , ERK1/ERK2 kinases and NF-B, thereby activating an inflammatory gene expression profile that typifies chronic inflammatory disorders. 9 The EN-RAGEs S100A8 (myeloid related protein 8 (MRP)) and S100A9 (MRP14) are specifically secreted by monocytes upon interaction with inflammation activated endothelium. 10 Hence, the subsequent interaction of the secreted EN-RAGEs with cell surface RAGE is expected to further amplify the inflammatory response and suggests a pivotal role for EN-RAGEs and RAGE in chronic cellular activation. The observation that the levels of MRP8 and 14 were elevated in juvenile RA and correlated with disease activity is in support for a role of EN-RAGEs in chronic inflammation. 11 It is in this context that the authors performed studies in a collagen-induced murine arthritis model, which demonstrated that blockade of RAGE suppressed clinical, molecular and histological evidence of arthritis, thereby supporting a functional role for RAGE in arthritis. 4 These findings made the RAGE gene an attractive candidate to study for the existence of allelic variations that might be important in the pathogenesis of inflammatory disease. The RAGE gene is located in the MHC locus on chromosome 6p21.3, which contains multiple genes involved in inflammatory and immune responses and is known for its multifold disease associations. Most interestingly, the search for heterogeneity within the RAGE gene uncovered several polymorphisms. 12, 13 However, since polymorphic genes within the MHC display a high degree of linkage disequilibrium, disease-associations found do not necessarily direct to a functional variation but could well be the consequence of a nearby diseasecausing allele. In fact, most disease-associated polymorphisms are functionally inert or lack information on the functional relevance.
For those reasons it is specially noteworthy that in the same paper Hofmann et al 4 elegantly provide evidence for a functional difference between the naturally occuring RAGE protein variants, ie, the wild-type with a glycine at position 82 and the variant with a serine in that position. The studies revealed significant differences in (i) the Kd between RAGE 82G (Kdෂ122+/−31 nM) and RAGE 82S (Kdෂ77+/−21 nM) receptors, (ii) the EN-RAGE induced phosphorylation of MEK1/2 and p44/42 MAP kinases and NF-B induction (RAGE 82SϾG), and (iii) EN-RAGE induced production of the pro-inflammatory cytokines TNF-␣ and IL-6, and the metalloproteinases (MMP) 3, 9 and 13 (RAGE 82SϾG). These results demonstrate a significant functional difference in binding, signalling and gene expression between the allelic RAGE 82S and 82G receptors. In a previous study Hudson et al 12 reported on the functional relevance of RAGE promoter polymorphisms at position −429, −374 and −63, suggesting that also genetically determined differences at the level of RAGE production may exist. 12 Together these data suggest that polymorphism within the RAGE gene affect RAGE signalling and may influence disease susceptibility and/or outcome.
These observations raise the possibility that a predisposition to a vigorous RAGE responsiveness may be associated with chronic inflammatory diseases like RA and other autoimmune diseases. In the same study Hofman et al 4 reported that the genetic variant that correlates with the expression of the more active RAGE 82S receptor, confers increased susceptibility for the development of RA. However, the picture is more complicated as it seems due to the high degree of linkage disequilibrium within the MHC. Two major extensive HLA class II haplotypes associated with the 82S variant, HLA-DRB1* 0401-DQA1*0301-DQB1*0301 and HLA-DRB1*1501-DQA1*0102-DQB1*0602, are described. 13 When corrected for the contribution of HLA-DRB1*0401 in RA the association did not reach statistical significance. However, the inclusion of RAGE polymorphisms within HLA-DRB1* 0401 haplotypes could well affect the severity of disease. Assignment of functional RAGE gene variants that predict outcome will be helpful to stratify patients for clinical studies and tailor treatment. Therefore, further studies are necessary to explore the association of functional RAGE polymorphisms with outcome measures of laboratory parameters, such as TNF-␣, IL-6 and MMPs, and clinical severity.
